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HEAT EXCHANGER TUBE EXPANDING APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a tube expanding apparatus for a 
heat exchanger composed of a large number of radiating fins and a 
plurality of tubes inserted therethrough, for integrally fixing a large 
number of radiating fins by expanding a tube, and particularly to a heat 
exchanger tube expanding apparatus improved so as to prevent defects in 
which a fin collar buckles, placing a radiating fin and a radiating fin 
overlapping in a direction of lamination in close contact and shutting off an 
air channel. 

2. Description of the Related Art 

A tube expanding apparatus for a heat exchanger constituted by a 
large number of radiating fins and a plurality of tubes inserted through the 
radiating fins, for integrally fixing a plurality of radiating fins by 
expanding a tube inserted therethrough, conventionally has a construction 
such as described below, for example. 

A tube expanding apparatus has a reciprocating actuator having a 
plurality of tube expanding mandrels inserted into a rear surface side, 
being disposed so as to be raisable and lowerable by means of an expanding 
and contracting apparatus such as a cylinder, etc. A heat exchanger in 
which the tubes are to be expanded has a construction in which hairpin 
tubes having end portions formed into a general U shape are inserted 
through a plurality of radiating fins, and using this tube expanding 
apparatus, end portions of the hairpin tubes projecting outward at one end 
are supported by receivers having a concave portion into which lower end 
portions can be inserted during tube expansion, enabling the plurality of 
radiating fins to be integrally fixed by pressing the tube expanding 
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mandrels inserted into the reciprocating actuator of the tube expanding 
apparatus into the hairpin tubes to expand the hairpin tubes. (See Patent 
Literature 1, for example.) 

Patent Literature 1* Japanese Patent Laid-Open No. HEI 
6-254644 (Gazette, Page 2, Figure 4) 

However, in conventional tube expanding apparatuses, if the 
number of sheets of the radiating fins is increased or if a fin collar shape is 
modified, changing a relationship between a load acting on the fin collar 
and the amount of compression, etc., one problem has been that defects 
may arise in which the fin collar buckles, placing a radiating fin and a 
radiating fin overlapping in a direction of lamination in close contact and 
shutting off an air channel. 
SUMMARY OF THE INVENTION 

The present invention aims to solve the above problems and a first 
object of the present invention is to provide a tube expanding apparatus in 
which major deformations of the fin collar, collapse of the radiating fins, 
etc., do not occur, enabling the provision of a heat exchanger constituted by 
radiating fins maintained at a uniform distance, and a second object of the 
present invention is to achieve a tube expanding apparatus in which the 
rate of occurrence of defects of this kind is reduced inexpensively. 

With the above object in view, a tube expanding apparatus of the 
present invention includes mandrels each having a billet on a leading end; 
a reciprocating actuator for supporting rear ends of the mandrels, the 
reciprocating actuator being supported so as to be able to reciprocate in an 
axial direction of hairpin tube straight portions; and a pressure drive 
source for raising and lowering this reciprocating plate and expanding the 
straight portions by pressing the billets into the hairpin tube straight 
portions. Also, provided are hairpin receivers for supporting curved 
portions of hairpin tubes; a fin receiver for supporting a lower end portion 



2 



of a plurality of laminated radiating fins; and a raising and lowering means 
for raising and lowering the fin receiver in the axial direction of the hairpin 
tube straight portions. The tube expanding apparatus is characterized in 
that the raising and lowering means lowers the fin receiver to a 
predetermined position as the mandrels descend and the billets begin to be 
inserted into the hairpin tubes. 

A tube expanding apparatus having this kind of construction is 
used in a heat exchanger having a plurality of laminated radiating fins 
having penetrating apertures on peripheral edge portions of which fin 
collars are disposed upright and having generally U-shaped hairpin tubes 
inserted through the penetrating apertures in the direction of lamination of 
these radiating fins, the tube expanding apparatus integrally securing the 
plurality of radiating fins by expanding straight portions of the hairpin 
tubes to place them in pressure contact with the fin collars. 

Because the fin receiver descends as the billets begin to descend, 
the compressive load on the fin collars, which accumulates and increases in 
the direction of progress of tube expansion, is lightened. Because of this, 
major deformations of the fin collars, collapse of the radiating fins, etc., do 
not occur, enabling the provision of a heat exchanger constituted by 
radiating fins maintained at a uniform distance. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a front elevation showing an overall construction of a 
tube expanding apparatus according to Embodiment 1 of the present 
invention; 

Figure 2A is a cross section schematically showing deformation 
behavior of fin collars in a tube expanding operation; 

Figure 2B is another cross section schematically showing 
deformation behavior of the fin collars in the tube expanding operation; 

Figure 3 is a relational diagram showing a relationship between the 
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number of radiating fins subjected to tube expansion and a compression 
percentage in fin collars not yet subjected to tube expansion; 

Figure 4 is a relational diagram showing a relationship between 
load on the fin collars and the compression percentage found 
experimentally by subjecting a fin collar to a compressive load; 

Figure 5 is a relational diagram showing an accumulated amount of 
compression in the fin collars when the number of fins subjected to tube 
expansion is N; 

Figure 6 is a diagram showing a lowering mode of a fin receiver in 
the tube expanding apparatus according to Embodiment 1 of the present 
invention; 

Figure 7 is a diagram showing another embodiment of the lowering 
mode of the fin receiver in the tube expanding apparatus according to 
Embodiment 1 of the present invention; 

Figure 8 is a diagram showing a lowering mode of a fin receiver in a 
tube expanding apparatus according to Embodiment 2 of the present 
invention; 

Figure 9 is a gr aph showing a relationship between the number of 
fins subjected to tube expansion and load acting on the fin receiver in the 
tube expanding apparatus according to Embodiment 2 of the present 
invention; 

Figure 10 is a diagram showing another embodiment of the 
lowering mode of the fin receiver in the tube expanding apparatus 
according to Embodiment 2 of the present invention; 

Figure 11 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 3 of the present 
invention; 

Figure 12 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 4 of the present 
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invention; 

Figure 13 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 5 of the present 
invention; and 

Figure 14 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 6 of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be 
explained with reference to the drawings. 
Embodiment 1 

Figure 1 is a front elevation showing an overall construction of a 
tube expanding apparatus according to Embodiment 1 of the present 
invention. In Figure 1, a heat exchanger 6 is mounted inside a tube 
expanding apparatus 100. The heat exchanger 6 is used, for example, as a 
radiating fin-tube heat exchanger in an air conditioner, etc. The heat 
exchanger 6 is constituted by- a large number of radiating fins 6a 
laminated in a vertical direction in Figure l; and a plurality of hairpin 
tubes 7 inserted through these radiating fins 6a in the direction of 
lamination. The hairpin tubes 7 are prepared by being bent into a general 
U shape, and include- two straight portions 7a extending parallel to each 
other; and a curved portion 7b linking end portions thereof. The plurality 
of hairpin tubes 7 are inserted through the laminated radiating fins 6a 
from a first end, the straight portions 7a passing through the radiating fins 
6a and the curved portions 7b projecting outward from the first end. 
Apertures for passing the hairpin tubes 7 through are formed in major 
surfaces of the radiating fins 6a, and fin collars 6b having a generally 
J-shaped cross section are disposed upright on peripheral edge portions of 
the apertures by a method such as burring, etc. The fin collars 6b function 
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to keep spacing between the radiating fins 6a constant as the radiating fins 
6a are being laminated. 

The tube expanding apparatus 100 integrally fixes the laminated 
plurality of radiating fins 6a by expanding the hairpin tubes 7 of the heat 
exchanger 6. The tube expanding apparatus 100 has- a plurality of tube 
expanding mandrels 8 that are inserted into the straight portions 7a of the 
hairpin tubes 7. Each of the mandrels 8 has an elongated rod shape and a 
billet 5 having an outside diameter equal to that of an inside diameter of 
the hairpin tubes 7 after tube expansion mounted to a leading end. The 
rear ends of the mandrels 8 are secured to a reciprocating plate 9 
functioning as a reciprocating actuator. The reciprocating plate 9 is 
supported and guided by a frame body 100a of the tube expanding 
apparatus 100 so as to be able to move up and down in the direction of 
lamination of the radiating fins 6a (an axial direction of the straight 
portions 7a of the hairpin tubes 7). The reciprocating plate 9 is linked to a 
pressure cylinder 10 functioning as a pressure drive source. The pressure 
cylinder 10 raises and lowers the reciprocating plate 9, moving the billets 5 
up and down and pressing them into the straight portions 7a of the hairpin 
tubes 7. A position detecting sensor 11 for detecting the position of the 
pressure cylinder 10 in the direction of motion is disposed on a side portion 
of the tube expanding apparatus 100. The position detecting sensor 11 is 
electrically connected to a control apparatus 15, output signals from the 
position detecting sensor 11 being transmitted to the control apparatus 15. 

A fin receiver 1 and hairpin receivers 2 are disposed in a lower 
portion of the tube expanding apparatus 100. The heat exchanger 6 is 
mounted on this fin receiver 1 and the hairpin receivers 2. The hairpin 
receivers 2 have U-shaped grooves that fit together with the curved 
portions 7b of U-shaped hairpin tubes 7, supporting only the hairpin tubes 
7. On the other hand, the fin receiver 1 has penetrating apertures 
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through which the hairpin tubes 7 pass bored through a major surface, and 
supports the load of the laminated radiating fins 6a in a gravitational 
direction. 

First and second end portions of the fin receiver 1 are each 
supported by a hydraulic cylinder 3. The hairpin receivers 2 and the 
hydraulic cylinders 3 are secured on a receiver platform 4. A hydraulic 
drive source 13 for supplying hydraulic pressure is connected to the 
hydraulic cylinders 3. A flow adjusting valve 14 for adjusting an amount 
of oil supplied to the hydraulic cylinders 3 is disposed between the 
hydraulic cylinders 3 and the hydraulic drive source 13. The flow 
adjusting valve 14 is electrically connected to the control apparatus 15. 
The control apparatus 15 adjusts the degree of opening of the flow 
adjusting valve 14 based on the output signals from the position detecting 
sensor 11 described above. 

Next, a tube expanding operation of the tube expanding apparatus 
100 constructed in this manner will be explained. 

First, a heat exchanger 6 is set in the tube expanding apparatus 
100 by mounting the large number of laminated radiating fins 6a on the fin 
receiver 1 and fitting the curved portions 7b into the hairpin receivers 2. 

Next, the pressure cylinder 10 is activated, the billets 5 are inserted 
into upper end portions of the hairpin tubes 7 as the reciprocating plate 9 
descends, and tube expansion is started. As the billets 5 descend further 
and reach the group of radiating fins 6a, the hydraulic drive source 13 
reduces the pressure inside the hydraulic cylinders 3 to lower the fin 
receiver 1. The billets 5 are inserted through the upper end portions of 
the hairpin tubes 7 and flare the inside diameters of the straight portions 
7a as they descend, placing the laminated fin collars 6b and the hairpin 
tubes 7 in close contact. The lowering of the fin receiver 1 is completed 
before the billets 5 descend to a tube expansion end point in a vicinity of 
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the curved portions 7b of the hairpin tubes 7. The billets 5 stop at the 
tube expansion end point immediately before reaching the curved portions 
7b of the hairpin tubes 7, then rise to complete the tube expanding 
operation. After completing tube expansion, the reciprocating plate 9 
rises, removing the mandrels 8 and the billets 5 from the hairpin tubes 7, 
and the fin receiver 1 is simultaneously restored to its initial position. 

Next, a defect in which adjacent radiating fins 6a buckle and shut 
off an air channel will be explained. Figures 2A and 2B are cross section 
schematically showing deformation behavior of the fin collars 6b in the 
tube expanding operation, Figure 2A showing a state before tube expansion 
and Figure 2B showing a state during tube expansion. When tube 
expansion is started, outer circumferential surfaces of the straight portions 
7a of the hairpin tubes 7 flare the inner circumferential surface of the fin 
collars 6b radially outward, and the fin collars 6b are deformed so as to 
elongate in the direction of lamination. The hairpin tubes 7 
simultaneously contract in an axial direction. The fin collars 6b not yet 
subjected to tube expansion are compressed by the elongated fin collars 6b 
and the contracted hairpin tubes 7 and are compacted. 

Now, it has been found from experiments by the present applicants 
that if we let {2 be a pitch in the direction of lamination (radiating fin pitch) 
of the radiating fins 6a before tube expansion, N2 be the number of 
radiating fins 6a, fi be the radiating fin pitch where tube expansion has 
been completed, Ni be the number of those fins, e be the amount of 
compression in the fin collars 6b not yet subjected to tube expansion, a* be 
the elongation percentage of the fin collars 6b arising due to tube 
expansion, ao be the elongation percentage due to tube expansion at 
no-load, 8 be the contraction percentage of the tubes, and qi be a distance 
compressed by the load of the ith radiating fin 6a subjected to tube 
expansion, then the amount of compression of the fin collars 6b not yet 
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subjected to tube expansion at the position of the billet partway through 
tube expansion is given by the following Expression 1* 
[Expression l] 



A relationship between the number of radiating fins 6a subjected to 
tube expansion and the compression percentage of the fin collars 6b not yet 
subjected to tube expansion based on the above expression 1 is shown in 
Figure 3. In other words, as tube expansion progresses, the amount of 
compression of the fin collars 6b accumulates, reducing the radiating fin 
pitch in lower parts of the heat exchanger 6. 

Next, a relationship between load on the fin collars 6b and 
compression percentage found experimentally by subjecting a single fin 
collar 6b to a compressive load is shown in Figure 4. From Figure 4, it can 
be seen that when the fin collar 6b is compressed by A percent (A%) from 
its original length, it buckles and collapses. The compression percentage 
(A percent (A%)) at which the fin collar 6b buckled was ten to thirty percent 
(10% to 30%). 

From the relationship between the number of radiating fins 6a 
subjected to tube expansion and the compression percentage of the fin 
collars 6b shown in Figure 3, buckling of the fin collars 6b arises when the 
number n subjected to tube expansion is such that the compression 
percentage of the fin collars is A percent (A%). Thus, the fin collars 6b 
undergo major deformation when the amount of compression of the fin 
collars 6b exceeds a predetermined amount of compression (or when a 
buckling load of the fin collars is exceeded). As a result, the fin collars 6b 
buckle, leading to defects such as air channels being shut off. At this time, 
if the amount of compression of the fin collars 6b is large, the deformation 
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of the fin collars 6b carries over to the radiating fins 6a, placing adjacent 
radiating fins 6a in close contact with each other. Because of this, in 
reality, defects occur in the heat exchanger 6 with a number of fins that is 
fewer than n. 

Now, the accumulated amount of compression in the fin collars 6b 
as the number of fins subjected to tube expansion is N increases as shown 
in Figure 5, for example. When tube expansion proceeds to the last (Nth) 
fin, the accumulated amount of compression in the fin collars 6b is a. In 
Embodiment 1, as shown in Figure 6, a lowering mode of the fin receiver 1 
is set such that the fin receiver 1 descends swiftly at the start of tube 
expansion to an amount of lowering z and is thereafter maintained at the 
amount of lowering z. In Figure 6, the vertical axis represents the amount 
of lowering of the fin receiver 1, and the horizontal axis represents the 
number of radiating fins 6a subjected to tube expansion. The solid line in 
the figure represents the amount of lowering of the fin receiver 1 as tube 
expansion proceeds. Moreover, the amount of lowering z of the fin receiver 
1 is set so as to be greater than the accumulated amount of compression a 
in the fin collars 6b. 

By setting the amount of lowering z of the fin receiver 1 so as to be 
greater than the accumulated amount of compression a in the fin collars 6b 
in this manner, the compressive load applied to the fin collars 6b is 
released, enabling the compressive load on the fin collars 6b, which 
accumulates and increases in the direction of progress of tube expansion, to 
be lightened. By setting the amount of lowering z in this manner, the fin 
collars 6b are not compressed excessively from the commencement to the 
completion of tube expansion, that is, the compression percentage of the fin 
collars 6b does not exceed A percent (A%) (ten to thirty percent (10% to 
30%)), thereby enabling defects such as destruction of the fin collars 6b or 
collapse of the radiating fins 6a, etc., to be reduced. 
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A tube expanding apparatus having this kind of construction is 
used in a heat exchanger 6 having a plurality of laminated radiating fins 
6a having penetrating apertures on peripheral edge portions of which fin 
collars 6b are disposed upright and having generally U-shaped hairpin 
tubes 7 inserted through the penetrating apertures in the direction of 
lamination of these radiating fins 6a, the tube expanding apparatus 
integrally securing the plurality of radiating fins 6a by expanding straight 
portions 7a of the hairpin tubes 7 to place them in pressure contact with 
the fin collars 6b, the tube expanding apparatus including: mandrels 8 
each having a billet 5 on a leading end; a reciprocating plate 9 functioning 
as a reciprocating actuator for supporting rear ends of the mandrels 8, the 
reciprocating plate 9 being supported so as to be able to reciprocate in an 
axial direction of the hairpin tube straight portions 7a; a pressure cylinder 
10 functioning as a pressure drive source for raising and lowering this 
reciprocating plate 9 and expanding the straight portions 7a by pressing 
the billets 5 into the hairpin tube straight portions 7a; hairpin receivers 2 
for supporting curved portions 7b of the hairpin tubes 7; a fin receiver 1 for 
supporting a lower end portion of the plurality of laminated radiating fins 
6a; and hydraulic cylinders 3 functioning as a raising and lowering means 
for raising and lowering the fin receiver 1 in the axial direction of the 
hairpin tube straight portions 7a, the hydraulic cylinders 3 lowering the fin 
receiver 1 to a predetermined position as the mandrels 8 descend and the 
billets 5 begin to be inserted into the hairpin tubes 7. Because the fin 
receiver 1 descends as the billets 5 begin to descend, the compressive load 
on the fin collars 6b, which accumulates and increases in the direction of 
progress of tube expansion, is lightened. Because of this, major 
deformations of the fin collars 6b, collapse of the radiating fins 6a, etc., do 
not occur, enabling the provision of a heat exchanger 6 constituted by 
radiating fins 6a maintained at a uniform distance. 
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Because the raising and lowering means is constituted by hydraulic 
cylinders 3 disposed between the fin receiver 1 and the receiver platform 4, 
the descent of the fin receiver 1 can be reliably controlled, enabling major 
deformation of the fin collars 6b and collapse of the radiating fins 6a to be 
prevented more reliably, improving reliability. 

Moreover, in Embodiment 1 above, the lowering mode of the fin 
receiver 1 is set such that the fin receiver 1 descends swiftly from the start 
of tube expansion to an amount of lowering z and is thereafter maintained 
at the amount of lowering z, but as shown in Figure 7, the lowering mode of 
the fin receiver 1 may also be set such that the fin receiver 1 descends at a 
constant speed from the commencement of tube expansion so as to be at the 
amount of lowering z at the point in time when the number of fins 
subjected to tube expansion is N. In that case, the amount of lowering z of 
the fin receiver 1 when the number of fins subjected to tube expansion is N 
is also greater than the accumulated amount of compression a in the fin 
collars, and the amount of lowering of the fin receiver 1 for each number of 
fins subjected to tube expansion is also greater than the accumulated 
amount of compression in the fin collars for each number of fins subjected 
to tube expansion. Thus, the compressive load applied to the fin collars 6b 
is released, and the compression percentage of the fin collars 6b does not 
exceed A percent (A%) (ten to thirty percent (10% to 30%)), enabling similar 
effects to those of Embodiment 1 above to be achieved. 
Embodiment 2 

Figure 8 is a relational diagram showing a method for lowering a 
fin receiver 1 according to Embodiment 2 of the present invention. The 
vertical axis represents the amount of lowering of the fin receiver 1, and 
the horizontal axis represents the number of radiating fins 6a subjected to 
tube expansion. The solid line in the figure represents the amount of 
lowering of the fin receiver 1 as tube expansion proceeds. 
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In Embodiment 2, as shown in Figxire 8, the fin receiver 1 descends 
at a constant speed until point X, being an initial phase of tube expansion, 
and descends at a speed greater than that of the initial phase to point Y, 
being an intermediate phase of tube expansion. Then, in a later phase of 
the tube expansion progression, since there is a tendency for the 
incremental ratio of the accumulated amount of compression to increase 
compared to the initial phase, the fin receiver 1 descends with the speed 
increased further from point Y to point Z. In a lowering mode of the fin 
receiver 1 set in this manner, the amount of lowering of the fin receiver 1 
for each number of fins subjected to tube expansion is greater than the 
accumulated amount of compression in the fin collars for each number of 
fins subjected to tube expansion shown in Figure 5. 

In Embodiment 2, the tube expanding operation is performed by 
driving the hydraulic drive source 13. The control apparatus 15 controls 
the degree of opening of the flow adjusting valve 14 based on a lowering 
mode for the fin receiver 1 preset as shown in Figure 8 and the output 
signals from the position detecting sensor 11. After completing tube 
expansion, the reciprocating plate 9 is raised, removing the mandrels 8 and 
the billets 5 from the hairpin tubes 7, and the fin receiver 1 is 
simultaneously restored to its initial position. Moreover, in the present 
embodiment, hydraulic cylinders 3 are used as the raising and lowering 
means for the fin receiver 1, but pneumatic cylinders or servomotors may 
also be used. 

Thus, in Embodiment 2, because the fin receiver 1 is lowered in 
response to the amount of compression in the fin collars 6b accumulated 
with the progression of tube expansion, problems such as the radiating fins 
6a slipping down during tube expansion and catching on the hairpin tubes 
7 can be reduced. 

The method for setting the lowering mode of the fin receiver 1 in 
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Embodiment 2 will now be explained with reference to Figure 9. Figure 9 
is a graph showing results when a load indicator was installed on the fin 
receiver 1 in a tube expanding apparatus 100 and the load applied to the 
fins relative to the descent distance of the billets was measured. Moreover, 
in Figure 9, a heat exchanger constructed by laminating at a fin pitch of 0.3 
mm radiating fins on which fin collars were disposed in a 2 by 12 (24 
aperture) matrix pattern using copper tubes having an outside diameter of 
7.2 mm and a wall thickness of 0.3 mm for the hairpin tubes was disposed 
in the tube expanding apparatus 100, and tube expansion was performed 
on the copper tubes. In Figure 9, the solid line represents an inventive 
example of the present invention in which the fin receiver 1 was lowered 
based on the lowering mode shown in Figure 8, and the broken line 
represents a comparative example in which the fin receiver 1 was not 
lowered. Furthermore, since the breaking load of each of the fin collars 
was 3 kgf, the total breaking load of the fin collars in each of the radiating 
fins was 72 kgf (= 3 kgf x 24). 

In the comparative example, the load acting on the fin receiver 1 
assumed a mode which rises suddenly from the commencement of tube 
expansion, becomes constant at approximately 20 kgf when the number of 
fins subjected to tube expansion was in an order of approximately 20 to 150, 
rises suddenly when the number of fins subjected to tube expansion passes 
approximately 150 (point X'), rises gently when the number of fins 
subjected to tube expansion is between approximately 250 and 
approximately 570, and finally rises suddenly when the number of fins 
subjected to tube expansion passes approximately 570 (point Y'). When 
the number of fins subjected to tube expansion passed approximately 600, 
the load acting on the fin receiver 1 exceeded the 72 kgf breaking load of 
the fin collars. 

In the inventive example of the present invention, in contrast to the 
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comparative example, results were obtained that showed that the load 
acting on the fin receiver 1 stabilizes at approximately 50 kgf in a region in 
which the number of fins subjected to tube expansion is greater than or 
equal to approximately 250. In this inventive example, point X and point 
Y of the lowering mode of the fin receiver 1 shown in Figure 8 were made to 
match with point X' and point Y' in Figure 9. 

From this, it can be seen that the sudden increase in the load in the 
vicinity of point X 1 in Figure 9 in the comparative example can be alleviated 
by increasing the amount of lowering of the fin receiver 1. It can also be 
seen that the sudden increase in load in the vicinity of point Y f in Figure 9 
can be alleviated by increasing the amount of lowering of the fin receiver 1 
so as not to exceed the breaking load of the fin collars. 

Thus, according to Embodiment 2, even if the number of fins 
subjected to tube expansion is increased, major deformations of the fin 
collars, collapse of the radiating fins, etc., do not occur, and effects can be 
achieved enabling a heat exchanger constituted by radiating fins 
maintained at a uniform distance to be manufactured inexpensively with a 
high yield. Significant effects can be achieved in particular, if 
Embodiment 2 is applied to tube expansion in a heat exchanger in which 
the number of fins subjected to tube expansion exceeds 200. 

Consequently, the relationship between the number of fins 
subjected to tube expansion and the load acting on the fin receiver 1 in the 
tube expanding operation of the heat exchanger should be measured in 
advance without lowering the fin receiver 1, and a lowering mode should be 
set that lowers the fin receiver 1 when the number of fins subjected to tube 
expansion reaches a point where the load acting on the fin receiver 1 rises 
suddenly. Here, it is desirable for the amount of lowering of the fin 
receiver 1 to be set such that the load acting on the fin receiver 1 is sixty to 
ninety percent (60% to 90%) of the breaking load of the fin collars. 
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Specifically, if the load acting on the fin receiver 1 exceeds ninety percent 
(90%) of the breaking load of the fin collars, there is a possibility that 
buckling of the fin collars 6b may occur, and if the load acting on the fin 
receiver 1 is less than sixty percent (60%) of the breaking load of the fin 
collars 6b, the amount of deformation in the fin collars 6b is small, 
preventing sufficient bond strength between the radiating fins 6a and the 
hairpin tubes 7 from being achieved. 

If the fin receiver 1 is lowered by this lowering mode for a fin 
receiver 1, the compression percentage of the fin collars 6b will not exceed 
A percent (A%) (ten to thirty percent (10% to 30%)), also enabling the 
occurrence of buckling of the fin collars 6b to be prevented. 

Moreover, in Embodiment 2 above, the lowering mode of the fin 
receiver 1 is set such that the fin receiver 1 descends at a constant speed 
until point X (the initial phase of tube expansion), and descends at a speed 
greater than that of the initial phase from point X to point Y (the 
intermediate phase of tube expansion), then descends with the speed 
increased further from point Y to point Z (the later phase of the tube 
expansion progression), but as shown in Figure 10, a step-shaped lowering 
mode for the fin receiver 1 adopting the amount of lowering in three stages 
including the initial phase of tube expansion, the intermediate phase of 
tube expansion, and the later phase of the tube expansion progression may 
also be set. In that case, because sudden increases in load in the tube 
expanding operation are also alleviated by the descent of the fin receiver 1, 
and the amount of lowering of the fin receiver 1 for each number of fins 
subjected to tube expansion is also greater than the accumulated amount of 
compression in the fin collars for each number of fins subjected to tube 
expansion, similar effects to those in Embodiment 2 above can also be 
achieved. 

In Embodiment 2 above, the lowering speed of the fin receiver 1 is 
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changed in three stages, but the lowering speed of the fin receiver 1 may 
also be changed in four stages or more. In that case, the lowering mode of 
the fin receiver 1 follows the curve of changes in the accumulated amount 
of compression in the fin collars 6b relative to the number of fins subjected 
to tube expansion shown in Figure 5. Thus, the amount of lowering of the 
fin receiver 1 does not become excessively larger than the accumulated 
amount of compression of the fin collars 6b, enabling problems such as the 
radiating fins 6a slipping down during tube expansion and catching on the 
hairpin tubes 7 to be reliably avoided. 
Embodiment 3 

Figure 11 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 3 of the present 
invention. In this embodiment, first and second end portions of a fin 
receiver 1 are supported by elastic bodies through which guide posts 17 
pass. Coil springs 18 disposed in a compressed state, for example, are 
used as the elastic bodies. Billets 5 are inserted into upper end portions of 
hairpin tubes 7 as mandrels 8 are lowered, and tube expansion is started. 
As the billets 5 descend further and reach a group of radiating fins 6a, a 
compressive load begins to accumulate in the fin collars 6b not yet 
subjected to tube expansion. Because the compressive load propagates 
from the fin receiver 1 to the coil springs 18 and is used as a force to 
compress the coil springs 18 along the guide posts 17, the compressive load 
accumulating in the fin collars 6b not yet subjected to tube expansion is 
lightened. After completing tube expansion, when the mandrels 8 are 
raised, removing the billets 5 from the hairpin tubes 7, the compressive 
load on the elastic bodies 18 is released and the fin receiver 1 rises and is 
restored to its initial position. 

In a tube expanding apparatus having this kind of construction, 
because the raising and lowering means is constituted by coil springs 18 
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functioning as elastic bodies disposed between the fin receiver 1 and a 
receiver platform 4, the construction of the raising and lowering means for 
the fin receiver 1 can be simplified, enabling it to be used as inexpensive 
equipment. 
Embodiment 4 

Figure 12 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 4 of the present 
invention. In this embodiment, tubular resin members 20 are disposed as 
elastic bodies instead of the coil springs 18 of Embodiment 3. The tubular 
resin members 20 are prepared by foaming rubber, or urethane, etc., for 
example, and shaping it into a tubular shape, such that when a 
compressive load is applied the bubbles collapse, increasing the amount of 
deformation. 

In a tube expanding apparatus having this kind of construction, 
because the raising and lowering means is constituted by tubular resin 
members 20 functioning as elastic bodies disposed between a fin receiver 1 
and a receiver platform 4, the construction of the raising and lowering 
means for the fin receiver 1 can be further simplified, enabling it to be used 
as even less expensive equipment. 
Embodiment 5 

Figure 13 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 5 of the present 
invention. In this embodiment, vibrators 23 functioning as a vibrating 
means held between two electrically -insulating plates 22 in a vertical 
direction are disposed between hairpin receivers 2 and a receiver platform 
4. A voltage applying means (not shown) is electrically connected to the 
vibrators 23. 

From the commencement to the completion of tube expansion, a 
voltage is applied to the vibrators 23 continuously or intermittently from a 
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vertical direction, vibrating the hairpin receivers 2 in a vertical direction (a 
direction of lamination). Specifically, by generating vibrations having a 
frequency of 60 Hz, for example, in the vibrators 23 and transmitting them 
to hairpin tubes 7, surface factional resistance between the hairpin tubes 7 
and fin collars 6b is reduced. 

Thus, when tube expansion is started and a fin receiver 1 is lowered, 
radiating fins 6a not yet subjected to tube expansion move smoothly 
downward without catching on the hairpin tubes 7. In addition, since 
frictional resistance between billets 5 and the hairpin tubes 7 is also 
reduced, good tube expansion performance can be achieved. It is also 
possible to transmit transverse vibrations (in a direction perpendicular to 
the direction of lamination) to the hairpin tubes 7 by setting the direction 
of the voltage applied to the vibrators 23 in a transverse direction. 

In a tube expanding apparatus having this kind of construction, a 
vibrating means for vibrating the hairpin receivers 2 is further provided. 
Thus, because sliding resistance between outer circumferential surfaces of 
the hairpin tubes 7 and inner circumferential surfaces of the fin collars 6b 
can be reduced by transmitting minute vibrations to the hairpin tubes 7, 
enabling the radiating fins 6a to be moved smoothly downward, major 
deformation of the fin collars 6b and collapse of the radiating fins 6a due to 
concentration of local compressive loads can be prevented, thereby 
providing a heat exchanger 6 in which the radiating fins are maintained at 
a uniform distance. 
Embodiment 6 

Figure 14 is a front elevation showing part of a construction of a 
tube expanding apparatus according to Embodiment 6 of the present 
invention. In this embodiment, ultrasonic vibrators 25 are disposed as a 
vibrating means instead of the vibrators 23 of Embodiment 5. 

From the commencement to the completion of tube expansion, a 
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voltage is applied to the ultrasonic vibrators 25 continuously or 
intermittently from a vertical direction, minutely vibrating the hairpin 
receivers 2 in the vertical direction. Specifically, by generating vibrations 
having a frequency of 60 Hz, for example, in the ultrasonic vibrators 25 and 
transmitting them to the hairpin tubes 7, surface frictional resistance 
between the hairpin tubes 7 and the fin collars 6b is reduced to 
approximately one tenth (1/10). 

By using a construction of this kind, when tube expansion is started 
and the fin receiver 1 is lowered, the radiating fins 6a not yet subjected to 
tube expansion move even more smoothly without catching on the hairpin 
tubes 7. In addition, since frictional resistance between the billets 5 and 
the hairpin tubes 7 is also further reduced, good tube expansion 
performance can be achieved. It is also possible to transmit minute 
transverse vibrations to the hairpin tubes 7 by setting the direction of the 
voltage applied to the ultrasonic vibrators 25 in a transverse direction. 

When high-performance heat exchanger tubes are used, frictional 
resistance on the surface of the hairpin tubes 7 may increase because spiral 
grooves formed on inner surfaces may stand out on external surfaces, 
increasing surface roughness. In answer to this, in the present 
embodiment, surface frictional resistance between the hairpin tubes 7 and 
the fin collars 6b is further reduced by increasing the frequency of the 
vibrations, enabling the radiating fins 6a to be moved smoothly downward. 
Because of this, major deformation of the fin collars 6b and collapse of the 
radiating fins 6a due to concentration of local compressive loads is 
prevented, thereby providing a heat exchanger 6 in which the radiating 
fins are maintained at a uniform distance. 

Moreover, in the above embodiments, a "vertical" tube expanding 
apparatus was used as the tube expanding apparatus 100 of the heat 
exchanger 6, but the tube expanding apparatus 100 is not necessarily 
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limited to a vertical tube expanding apparatus and may also be a 
horizontal tube expanding apparatus, and it goes without saying that the 
present invention can be applied to any tube expanding apparatus provided 
that it is possible for tube expanding mandrels to be pressed inside first 
ends of hairpin tubes inserted through a large number of radiating fins 
constituting a heat exchanger, and the tube expanding apparatus has 
hairpin receivers for supporting curved portions at a curved portion end of 
the hairpin tubes; and a fin receiver for supporting a lower end portion of a 
plurality of laminated radiating fins. 
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